be defined and connected in a fairly general manner. This reduces the complexity of the calculation relative to codes such as GOTHIC' which attempt to mechanistically calculate detailed multidimensional flow fields and spatial dependencies within an individual compartment. Second, the modeling in PACER is directed only at early time phenomena occurring over a timescale of the order of tens of minutes following break inception. This eliminates the need to perform detailed multicell calculations of the heatup of the structural walls and equipment, eliminating a significant amount of computation. The restriction to short-term behavior also avoids the need to consider such beyond design basis accident phenomena as hydrogen combustion, core-concrete interactions, and direct containment heating which are treated in codes such as CONTAIN 1.16 which are broader in scope and accordingly much larger in size.
Given the conditions of coolant immediately upstream of the break location, PACER
calculates the steam and liquid water formation rates as the discharging coolant depressurizes down to the compartment pressure. PACER follows a different approach from most other containment -1- The PACER approach is in contrast to that followed in CONTAIN 1.1 and most other containment loads codes that involves:
i) Treating the coolant mass and enthalpy released from the break during each timcstep as mass and enthalpy sources of superheated liquid water. These sources are added to conservation equations for the steam-gas-water mixture inside the cell atmosphere;
Assuming that the steam-gas-water mixture remains at saturation at the partial pressure exerted by the steam. Preservation of saturation conditions determines how much steam is formed during each timestep.
The CONTAIN 1.1 assumptions effectively equilibrate the released coolant with the entire steamgas-water mass inside the cell atmosphere prior to the determination of steam formation. This approach tends to reduce the steam mass that is calculated to be formed. The PACER approach tends to increase the steam mass formed relative to CONTAIN 1.1 because the released coolant flashes prior to equilibration with the steam-gas-water mixture inside the cell atmosphere.
PACER accepts break conditions calculated with a detailed thermal hydraulic code such as RETRAN. This approach is particularly well suited for the use of the RETRAN code, since PACER employs the same functional representations of the steadwater thermodynamic functions as does RETRAN-02.7 Thus, the steadwater states in the two calculations are consistent. In addition, the code can also determine longer term limiting steam formation rates corresponding to the removal of core decay heat by the emergency core coolant system following primary system depressurization. A suppression pool may be defined to exist inside any compartment. Normally, if the water contained in a suppression pool is subcooled, all of the steam entering the pool is assumed to be -5-condensed. When the pool water is heated to the local saturation temperature, then that fraction of the steam passing through the pool is assumed condensed which maintains the pool in a saturated state. The clearing of water slugs from vertical channels providing access to the pool, which dclays the entry of steam into the pool, is modeled in the code.
Condensation upon structure and equipment is calculated using the condensation correlations Containmentkonfinement sprays may be defined to exist inside any compartment. It is assumed that a maximum mass of steam is condensed upon the injected water droplets corresponding to removal of the energy represented by the subcooling of the water delivered by the spray system.
Cooling of the containmentkonfinement atmosphere by convective heat transfer to the droplets as well as by convective heat transfer to structural walls is not currently calculated, reflecting the assumption that condensation dominates the short-term atmosphere heat transfer processes.
PACER employs an implicit numerical formulation of the multicompartment equations and a solution methodology that permits the use of large timesteps thereby reducing the required total number of computational cycles. In practice, the timestep size has been found to be limited only by the accuracy of the first order difference equations.
The modeling and numerical methodology incorporated in PACER makes the code a useful analytical tool for the analysis of containmentkonfinement loading phenomena under design basistype accident conditions as well as for beyond design basis ruptures.
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MULTICOMPARTMENT MASS AND ENERGY EQUATIONS
The containmentkonfinement volume is represented in terms of a set of compartments or
cells. An arbitrary number of compartments may be defined (as many as twenty-one have been used) and the compartments may be connected in a fairly general manner. The most significant current restriction is that if a suppression pool is defined to exist in the compartment denoted by the index, i, then the flow into this compartment through the suppression pool must come from the compartment denoted with the index, i-1.
The containment atmosphere is assumed filled with three constituents. The first is steam generated from the escape and flashing of primary or secondary coolant or present initially as humidity within the atmosphere. The second is a noncondensable gas currently described with properties appropriate for air. The third component, which may or may not be present, corresponds to water droplets which are assumed to be entrained into the atmosphere after exiting the break. If required, additional constituents could be added such as a distinct noncondensable gas field representing hydrogen generated by oxidation.
The time dependent mass of steam inside each compartment satisfies the mass equation, --
x a a --subscript denoting air.
-8-That portion of the water that remains liquid after the coolant discharging through the break flashes down to the compartment pressure is assumed to be entrained into the atmosphere as water droplets.
The droplets are assumed present in the atmosphere only during the blowdown phase when the coolant flowrate from the break is significant. Subsequently, the droplets are envisioned to rapidly settle out to collect as a layer upon the compartment floor. Accordingly, the droplet masses in all compartments are set equal to zero at the end of the blowdown phase which is denoted by a userspecified time. When present, the droplet mass obeys the mass equation,
water droplet mass inside compartment i, mass flux of water droplets between compartments j and i, fraction of droplets collected at suppression pool located in compartment i, mass formation rate of liquid droplets associated with coolant discharging through break, subscript denoting water droplets.
The steam, air, and entrained water droplets within each compartment are assumed to remain in thermal equilibrium at a common temperature, Ti. The formulation of the energy equation depends upon whether or not conditions evolve such that flashing of steam from entrained water droplets occurs. As long as the temperature remains below the saturation temperature at the steam partial pressure or the mass of entrained water is zero, then the temperature satisfies the energy work performed by discharging coolant in expanding from break conditions down to equilibrium state at ambient compartment pressure.
--
The temperature of the mixture convected into or out of the i th compartment is defined by When the pool temperature, Tpool,i, is calculated to rise to the saturation temperature, Tsat,i, of the atmosphere inside the i th compartment, then the pool is assumed to remain in a saturated state.
In this case, not all of the steam entering the pool is condensed. Instead, only that portion needed to raise the pool temperature the required amount to maintain saturation conditions undergoes condensation. For a saturated pool, the steam condensation factor, Fpool v j i, is therefore generally less than unity. The condensation factor is obtained from the pool enthalpy equation,
In this case, hpool,i, hlv,pool,i, and Tpool,i are the liquid specific internal enthalpy, heat of vaporization, and temperature along the water saturation curve at the ambient compartment pressure, Pi. Equation 24 can therefore be solved for the condensation factor, if the compartment pressure is known.
It is assumed that entrained water droplets do not enter a suppression pool, but are collected and de-entrained by structure upstream of the entrance to the pool. Until the slug has been cleared, the interconnecting area, A,,,, leading to the suppression pool is equal to zero. In PACER, the break may be specified by the user to be either single-or double-sided. For the case of a double-sided break, separate calculations of the quality and contribution to the work are performed for the coolant flowing from each side.
The determination of the conditions of the coolant immediately upstream of the break location is dependent upon the particular application. Th'e usual approach is to use a detailed, twophase, thermal hydraulic code such as RELAPS or RETRAN to calculate the coolant state on each of the two sides of the break. Specific variables required by PACER are the break mass flowrate and the coolant specific internal enthalpy inside the coolant boundary at the break location. The specific internal enthalpy is used to define the pressure of a corresponding saturation state from which the flashing down to the compartment pressure may be evaluated using the method discussed in the preceding section. This approach is particularly well suited for the use of the RETRAN-02 code7 or more recent versions of RETRAN since PACER employs the same functional representations of the water thermodynamic functions as does RETRAN-02. Thus, the water states in the two calculations are consistent.
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Decay Heat Removal
Following depressurization of the primary system, the steam formation rate ultimately reflects the removal of the decay heat from the core provided that the emergency core cooling system (ECCS) remains available and core degradation is averted. In particular, water is delivered into the vessel by the low pressure coolant injection pumps of the ECCS. If the ECCS water is heated to the saturation temperature, then steam formation will take place. When break flow conditions from a system thermal hydraulic code are no longer available, the steam formation rate in this limiting situation is set equal to The length, Lcond, is set equal to the radius of a sphere having a volume equivalent to that of the compartment as recommended by Schauer.' In the break compartment, the distance, Zcond, is also taken equal to the equivalent spherical radius, consistent with the recommendation in Reference 9.
Equation 38 It is currently assumed in PACER that heat transfer to structures takes place solely by condensation. Concurrent direct forced convection or natural convection heat transfer arising from thermal gradients in the atmosphere near structures are not modeled. It is anticipated that this is an -23-adequate assumption for the early times following coolant boundary rupture when the heat transfer phenomena are expected to be dominated by condensation. In particular, the water condensing upon structure accumulates as liquid films which would have exposed surface temperatures near the compartment saturation temperature.
-24-7.0 CONTAINMENTKONFINEMENT SPRAYS Containment/confinement sprays may be defined to exist inside any compartment. It is assumed that a maximum mass of steam is condensed upon the droplets corresponding to the energy represented by the subcooling of the water delivered by the spray system. This is actually an assumption about the spray condensation effectiveness reflecting the size of the droplets produced by the spray nozzles and the droplet fall heights characteristic of the containment configuration.
Assuming that the spray droplets are heated from the initial temperature to the compartment saturation temperature, the condensation rate is These features make PACER a useful analytical tool for the analysis of containmentlconfinement loading phenomena under design basis-type accident conditions as well as for the analysis of shortterm loadings in beyond design basis accidents.
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